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(54) Signal transmission system 

(57) A signal transmission system has a number of 
wave division multiplex optical carriers linking a number 
of switching units arranged in a closed ring network. 
The carriers are amplified to compensate for loss and 
attenuation, but the ring gain of each carrier must be 
less than unity to prevent unwanted signal oscillation. 
An automatic gain control arrangement is operative for 
each optical carrier which is detected as being present 
at a switching unit, and the gain control is disabled for 
each carrier which is detected as being absent. 
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Description 

[0001] This invention relates to a signal transmis- 
sion system, and more particularly to systems in which 
an optical carrier is used to carry data traffic. A number 
of optical carriers, each having a different wavelength, 
can be sent from an optical transmitter to an optical 
receiver via a light guide - such a technique is termed 
wavelength division multiplex (WDM), and each optical 
carrier able to carry traffic is commonly termed a chan- 
nel. 

[0002] Optical Add/drop Multiplexers (OADMs) and 
Optical Cross-connect Switches (OXCs), both of which 
comprise an optical switching unit, carry multiple traffic 
signals on the optical channels which are transmitted or 
received each on a different wavelength via one or a 
pair of optical fibres. Each OADM and OXC has at least 
two such wavelength division multiplexed (WDM) ports 
which can be configured to insert and extract signals 
from and to tributary ports or to pass signals straight 
through from one WDM port to another. 
[0003] A common configuration for a network of 
OADMs or OXCs is a closed ring because it offers an 
alternative path for every connection allowing protection 
against failure of the optical fibre. In order to compen- 
sate for the loss of the interconnecting f fores and of the 
optical components within the OADM or OXC. it con- 
tains optical amplifiers. In a system containing amplifi- 
cation and a feedback path, the loop gain must be 
maintained at less than unity as otherwise unwanted 
oscillation will occur. 

[0004] Under fault conditions, the loop gain of the 
ring may rise above unity, causing instability and mal- 
function of the ring. The present invention seeks to pro- 
vide a signal transmission system in which this difficulty 
is reduced. 

[0005] According to this invention, a signal trans- 
mission system having a plurality of WDM optical carri- 
ers, includes a plurality of optical switching units 
connected in a ring, means present at an optical switch- 
ing unit for detecting the presence or absence of each 
individual optical carrier; and means responsive to the 
detection of the absence of an optical carrier for control- 
ling the ring gain of that optical carrier to be less than 
unity. 

[0006] Oscillation in one optical channel, which can 
be induced by automatic gain control in the absence of 
an optical carrier, can adversely affect other optical 
channels due to non-linear effects, power hogging in the 
amplifiers and crosstalk from the possibly high power 
oscillation. Even if the loop gain of the ring is less than 
unity Amplifier Spontaneous Emission (ASE) can accu- 
mulate in channels not carrying a normal optical signal 
to a level which can interfere with adjacent channels. 
[0007] The optical switching unit may be an OADM 
or an OXC or other equivalent, and the following discus- 
sion of OADMs is applicable to such equivalents. 
[0008] In OADMs which may be reconfigured (i.e. 



changes in the channels added, dropped and passed 
through) some degree of automatic gain control (AGC) 
is advisable to maintain the power of individual optical 
channels at a substantially fixed level. Precautions 

5 should be taken to ensure that operation of the AGC 
does not raise the overall gain of any optical channel to 
a value where oscillation or a disruptive level of ASE 
accumulation occurs under any conditions. Transient 
effects can also be a significant problem in linear and 

10 ring networks of OADMs resulting from both deliberate 
changes in the number of channels being carried and 
during fault conditions. Consider the case when a chan- 
nel has no optical signal present on it. The AGC function 
on that channel at each OADM would set itself to maxi- 

15 mum gain/minimum loss in an attempt to maintain the 
power level. When a signal is turned on for that channel 
the gain at each OADM will be higher than required until 
the AGC control loops have time to respond. During this 
transient this signal at each OADM will be raised to an 

20 increasingly high level at which it will hog the available 
power of the optical amplifiers, reducing the signal lev- 
els of pre-existing channels and adversely affecting the 
traffic on them. The transient exists until the AGC con- 
trol loops settle to their target output powers and optical 

25 amplifier control loops accommodate to the increased 
total output power. While this effect can be partially alle- 
viated by slowly ramping up the power of the new optical 
signal source this places constraints on the time con- 
stants of the varius amplifier and AGC control loops. 

so Under fault conditions ramping up the power of the 
source may not be possible. 

[0009] These difficulties are reduced by the present 
invention. 

[001 0] The invention is further described by way of 
35 example with reference to the accompanying drawings, 
in which :- 

Figure 1 shows part of a signal transmission sys- 
tem in accordance with the present invention, and 

40 

Figures 2 and 3 show alternative configurations of 
part of the system in greater detail. 

[001 1 ] Referring to Figure 1 , there is shown therein 
45 just part of a signal transmission system in which a plu- 
rality of optical switching units comprising OADMs and 
OXCs are connected in a bidirectional closed ring. Only 
a single optical switching unit is shown. The figure illus- 
trates just one unidirectional signal path for a WDM opti- 
50 cat signal from one input WDM port 1 to one WDM 
output port 2 via an optical switch 3, which can be part 
of an OADM or an OXC as the case may be. In practice, 
an OADM would usually have the same configuration 
repeated so as to also carry signals in the opposite 
55 direction to that illustrated. OXCs will usually have a 
multiplicity of input and output ports interconnected by a 
more complicated optical switch. 
[0012] The system is first described assuming that 
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it operates under fault-free conditions. The input port 1 
is connected to an AGC arrangement 4 which maintains 
a constant power per channel (i.e. optical wavelength) 
at point 5 independently of the input power per channel 
at port 1 . Typically the input signal at port 1 contains at 
least eight optical channels, each at a different optical 
wavelength. The AGC arrangement can take the form 
disclosed in our copending patent application 
(P/61 751). An optical amplifier 6 operates in a gain con- 
trolled regime having a flat frequency response so as to 
amplify each optical channel equally, thereby giving a 
constant power per channel at point 7. An optical 
demultiplexer 8 separates the optical channels by wave- 
length onto individual optical waveguides 9 for cross 
connection by means of the optical switch 3. Input and 
output ports 16 of the optical switch allow channels to 
be added or dropped. The outputs of the optical switch 
3 will be from different inputs depending on configura- 
tion so that the optical power per channel point 10 has 
some variation. A further AGC arrangement 11 main- 
tains a constant power per channel at points 12. 
[0013] These channels are combined into a WDM 
signal by optical multiplexer 13. The loss, or signal 
attenuation introduced by the multiplexer 13 is substan- 
tially constant for each optical channel and optical 
amplifier 1 4 operates in a gain-controlled regime so that 
the optical power per channel at the output port 2 is 
maintained substantially constant The combined effect 
of the AGC arrangements 4 and 1 1 and gain-controlled 
amplifiers 6 and 14 ensures that the gain from the out- 
put of one OADM (one OADM being shown in Figure 1) 
through a section of interconnecting fibre 15 to the out- 
put of the next OADM is nominally unity with a small 
spread. Where traffic is carried in a ring there must be at 
least two nodes (the nodes sourcing and sinking the 
traffic) where the optical switches are in the add/drop 
configuration. The through loss of the switch in the 
add/drop configuration is large, typically 30 dB, which, 
for both nodes means that the loop gain is reduced by 
60 d8. This is very much greater than the worst case 
sum of gain spread above nominal for all hops in the 
ring. The loop gain of the ring is therefore guaranteed to 
be much less than unity. 

[0014] Port 1 also receives a supervisory optical 
channel which does not carry traffic, and is used for sig- 
nalling and management purposes. This is extracted by 
the supervisory channel extract unit 17, and its signal- 
ling information routed to control logic 18, which is 
linked to the operation of the optical switch 3, and the 
AGC arrangements 1 1 . One function of the control logic 
is described in connection with Figure 3. The control 
logic 18 reformats the supervisory channel and inserts 
it by a supervisory channel insert unit 19 onto the output 
port 2. 

[0015] Considering fault conditions, should the 
source of an optical signal fail, AGC arrangement 11 
forming part of that channel would increase its gain in 
an attempt to maintain a constant power at point 12. 



This would happen at each OADM in the ring subse- 
quent to the failure so that the through gain for this failed 
channel would be substantially increased, say by X dB. 
The overall loop gain in a ring of N OADMs would be 

5 increased by N x X dB. As an example, take X= 10 dB 
and N=8, then the loop gain would increase by 80 dB 
which is more than the loss of the optical switches at the 
source and sink nodes. The loop gain around the ring 
would be far greater than unity so oscillation would then 

10 occur at the wavelength of this optical channel. 

[0016] In order to avoid this difficulty, the AGC 
arrangement 1 1 includes means of detecting that its 
input optical signal is absent, and in response to that 
overrides the gain control mechanism to set it to mini- 

15 mum gain. Figures 2 and 3 show alternative arrange- 
ments for achieving this condition. 
[0017] Referring to Figure 2, the input port 10 is 
connected to the output port 12 via a variable gain/loss 
device 20. The port 12 is also connected via an optical 

20 power detector 21 to a control unit 22 which adjusts the 
gain or loss of the device 20. so as to comprise a feed- 
back loop. An additional optical power detector 23 at the 
input port 10 feeds a threshold detector 24, such that 
when the optical power level at port 10 falls below a 

25 threshold value (the fail condition) the output of a com- 
parator 24 changes state. The threshold value is set by 
the reference input 25 and it is this threshold which 
determines the level at which an input channel is 
present or absent. If necessary, the threshold can be 

30 adjusted to determine an optimum level for reliability of 
operation.. The comparator 24 provides an additional 
input to the control unit 22 to disable the feedback loop, 
and to force the variable gain/loss device 20 to its lowest 
gain or maximum loss. In practice, the device 20 maybe 

35 a variable gain amplifier having a gain characteristic 
which is flat across the wavelength band of interest, or 
alternatively it can be a variable attenuator followed by a 
preset-gain amplifier. 

[0018] Referring to Figure 3, an alternative arrange- 

40 ment is shown which avoids the need for the second 
optical detector 23 of Figure 2. In addition to illustrating 
the AGC arrangement 1 1 , it shows modifications to the 
optical switching unit of Figure 1 . A feedback loop com- 
prises a variable gain/loss device 30, an optical power 

45 detector 31 , and a control unit 32, in a manner similar to 
Figure 2. The optical detector 31 is coupled to one input 
of a comparator 33 whose output changes state to the 
fail condition if the optical power at point 12 is less than 
the value the AGC loop is attempting to be maintain. 

so This mechanism cannot be used directly to set the AGC 
loop to minimum gain/max loss because recovery from 
this condition would not be possible. The fail condition is 
signalled to the next OADM in the ring via a supervisory 
channel transmitter 34. The supervisory channel may 

55 be carried on an optical channel additional to those car- 
rying traffic, known as an optical supervisory channel, 
or by other means. The next OADM on the ring extracts 
the signalled condition of the optical channels by means 
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of the supervisory channel receiver 17 and by knowl- 
edge of the configuration of the optical switch can deter- 
mine in control logic 18 whether the failed optical 
channel is connected to one of its variable gain/loss 
devices 30. If it is, the control logic 18 overrides the 
AGC loss forcing it to set the variable gain/loss device 
30 to lowest gain/maximum loss. The fault condition is 
signalled on to the next OADM as before on the super- 
visory channel via the supervisory channel insert unit 
34. 

[001 9] The result is that the AGC arrangement 1 1 in 
the first OADM which detects the fail condition sets to 
highest gain/minimum loss but all AGC arrangements 
1 1 for this failed channel in subsequent OADMs are set 
to lowest gain/maximum loss. The overall gain around 
the ring is therefore held substantially less than unity. 
[0020] In both Figures 2 and 3 the variable gain/loss 
element may be an optical amplifier (Semiconductor 
Optical Amplifier, or Erbium Doped Fibre Amplifier) or 
an electrically controlled optical attenuator. 
[0021] Both of these solutions also greatly reduce 
the effect of transient power changes since at most one 
OADM, or other optical switching unit, is operating at 
maximum gain and all subsequent OADMs operate at 
maximum loss until after the new signal is applied. The 
speed of the AGC control loop is designed so that when 
the new signal is detected it ramps up the amplitude suf- 
ficiently slowly to allow the optical amplifiers to accom- 
modate to the increasing output power required without 
affecting the pre-existing channels. 

Claims 

1. A signal transmission system having a plurality of 
WDM optical carriers, including a plurality of optical 
switching units connected in a ring, means present 
at an optical switching unit for detecting the pres- 
ence or absence of each individual optical carrier; 
and means responsive to the detection of the 
absence of an optical carrier for controlling the ring 
gain of that optical carrier to be less than unity. 

2. A system as claimed in Claim 1 and wherein each 
optical switching unit includes a channel multi- 
plexer, and said means for detecting the presence 
or absence of an optical carrier is positioned in an 
input channel path of said multiplexer. 

3. A system as claimed in Claim 2, and wherein a said 
means for detecting the presence or absence of an 
optical carrier is positioned in every input channel 
path of said multiplexer. 

4. A system as claimed in any of the preceding claims 
and wherein an automatic gain control arrangement 
is provided to adjust the level of an optical carrier 
which is detected as being present. 



5. A system as claimed in Claim 4 and wherein said 
automatic gain control arrangement is disabled 
when an optical carrier is detected as being absent, 
so as to permit the gain of the channel of that opti- 

5 cat carrier to be reduced. 

6. A system as claimed in Claim 4 or 5 and wherein 
said automatic gain control arrangement includes a 
variable gain optical amplifier. 

w 

7. A system as claimed in Claim 4 or 5 and wherein 
said automatic gain control arrangement includes a 
variable optical attenuator. 

is 8. A system as claimed in Claim 4 or 5 and wherein 
means are provided to detect the presence or 
absence of an input to the automatic gain control 
arrangement for each optical carrier. 

20 9. A system as claimed in Claim 4 or 5 and wherein an 
optical detector forming part of the automatic gain 
control arrangement forms part of the means for 
detecting the presence or absence of an optical 
carrier, and wherein detection of an absence is sig- 

25 nailed to the next optical switching unit in the ring to 
cause it to reduce its optical gain for that carrier. 

10. A system as claimed in Claim 4, and wherein the 
control loop speed of the automatic gain control 
30 arrangement is made sufficiently slow to avoid 
power hogging by an optical carrier suffering tran- 
sient disturbances. 
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